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(54) Title: PREFORM, DEVICE AND METHOD FOR CASING A WELL 

(54) Titre: PREFORME, DISPOSITIF ET PROCEDE POUR LE TUBAGE D'UN PUTTS 

(57) Abstract 

A preform comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly deformable so that they apply against the wall 
(20) of the well (2), or of the conduit, and which form, after curing, anchoring and 
sealing locks for the casing. Application: casing of wells, particularly oil wells, 
or conduits, without using c 



(57) Abrege* 

Cette presume comporte, renames le long de sa paroi, des zones annulaires 
durcissables (3) antes a se deTormer radialement vers rexttrieur pour Venu- 
s' appliquer centre la paroi (20) du poits (2), ou de la canalisation, et qui 
forroent apres dmcissement des verrous d'ancrage et d'etonchettg pour le tubage. 
Applications: tubage de puits. rwiarament de forage pe*trolier, ou de canalisations, 
sans utilisation de cimeoL 
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PREFORME, DISPOSITIF ET PROCEOE POUR LE TUBAGE D'UN PUITS 
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La pr&ente invention conceme une prtforme souple qui est depliable 
radialement. et durcissable in situ, apres qu'elle ait 6t6 mise en place dans un puits. 
notamment un puits de forage petrolier. ou dans une canalisation, pour y consumer un 
tubage cylindrique. 

L'invention conceme egalement le precede pour mettre en place, ancrer 
cette preforme dans le puits ou dans la canalisation, et creer une etancheite entre la 
preforme et le puits ou la canalisation. 

On connaTt deja des pnSformes dont la paroi est en materiau souple, 
susceptible d'etre replifc sur elle-m6me de maniere a presenter un encombrement radial 
nettement plus faible que le diametre du puits ou de la canalisation a tuber, ou a chemiser 
dans le cas d'une reparation localisee. La preforme est introduite dans le puits ou dans la 
canalisation a I'etat replie. Une fois qu'elle a ete positionnee a I'endroit voulu. on la 
deforme radialement vers I'exuJrieur, par introduction a I'intdrieur de la preforme d'un 
fluide de gonflage. Sous l'effet de la pression interne, elle prendune forme cylindrique. 
e'est-a-dire une section circulaire. L'ancrage de la preforme ainsi dilatec a 1'interieur du 
puits ou de la canalisation se fait au moyen d'un ciment que Ton coule dans I'espace 
annulaire separant la paroi extfrieure de la preforme cylindrique de la paroi du puits ou de 
la canalisation. Le durcissement a chaud. par polymerisation, de la paroi constitutive de la 
preforme peut etre realise soil par introduction d'un liquide chaud a 1'interieur de la 
prefoime. soil par effet Joule au moyen de resistances electriques approprices disposees 
dans la preforme. par exemple de fils electriques faisant partie de I'armature de la paroi de 
la preforme, imprtgnte de r&ine therm odurcissable. 

Lademandede brevet internationale WO 94/2 1887 conceme lacimentation 
d'un tubage de cc type. 

La cimentation d'une telle preforme de ce type pose plusieurs problemes. 
Tout d'abord. elle exige une installation de cimentation relativement 
sophistiqufe et coQteuse. 

Par ailleurs, la qualite du ciment doit etre parfaite. pour pouvoir s'inserer 
conectement. et de maniere homogene. dans ies interstices annulaires. dont l'epaisseur 
peut etre tres faible, separant la paroi de la preforme de la paroi du puits ou de la 
canalisation. 
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Enfin.lacimentauonn'est pas toujours tres f.able. car malcontrflee surde 
grandes longueurs. 

L'objectif de la prescnte invention est de proposer une preforme du genre 
c-dessus decrit, pouvant etre mise en place et ancree a Hnterieur du puits ou de la 
5 canalisation, sans qu'onn'ait a faire usage d'uncimenL 

Cet objectif est atteint. confinement a Invention, grace au fait que la 
prtforme comporte. le long de sa paroi. des zones annulaires durcissables aptes a se 
deformer nulialementve^rexuJrieurpourvenirs'appHquer centre la paroi du puits ou de 
la canalisation et qui forment. apres durcissemen, des verrous d'ancrage et d'etancheite 
10 pourletubage. 

Par ailleurs, selon un certain nombre de caractdrisuques additionnelles 
non hmitativesde I'invention : 

- la preforme comporte une reserve de r&ine polymerisable a chaud 
msposee ducote interieur et apte a migrer radialetnent vers 1'exterieur a travers la paroi 

15 sous refTetd'unepression interne; 

- elle comporte une peau exterieure dlastiquement deformable dont 
certatns troncons en forme de manchons on. une aptitude a la deformation radiale 
nertement p!us grandc que cdle du reste de la peau. ces tron^ons reaKsant lesd.ts verrous • 

20 r«r , ■ '« Element deformables sont en 61astomere non renforce.' 

20 tandis que le reste de la peau est en elastomere renforce ; 

- ladite reserve consiste en des poches annulaires situees en regard desdits 
troncons de peau exterieure fadlement deformables ; 

-ladi tereserves-etendtoutlelongdelapreforme. y comprisenregarddes 
zones de peau exterieure non facilement deformables ; 

25 4 , 3 • ,a ^ ide,a P rtfomc « t ^P^<l , uneameenre« n epolym^^ 
a chaud et de deux peaux en materiau elas.omere. Tune interieure. 1'autre exterieure 
lad: te reserve con.enant la resine etant ddlim,^ par I'Sme et par la peau impure • ' 

- la preforme est munie de joints d'etancheite annulaires entourant les 
zones durcissables desunees a constituer les verrous. 

30 ^^^"'•^tion.de^ 

reahsaaon de IWheite d'une preforme telle que decrite ci^essus a .'inteneur d'un 
puits ou d-une canalisation, comprend les e tapes suivantes : 

a) on introduit la preforme a I'etat p| ie dans un puits ou une canalisation 
cy .ndnque. dont le dtametre est un peu plus grand que ce.ui de ,a preforme lorsqu'el.e 

35 estradiaiement d6ploy£e; 

b) on introduit un nuide sous pression a I'interieur de la preforme pour 
lamenerSI ^tatngoureusementcylindrique; t~ 
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c) on provoquc la deformation desdites zones annulaires vers Pexterieur 
pour les appliquer contre la paroi du puils ou de la canalisation ; 

d) on provoque le durcissemeni dc la preTorme et des zones annulaires. 
De maniere avantageuse, k Petape c) on chauffe la resine contenue dans 

5 les poches annulaires de maniere k la liqueTier et la fairje migrer vers Pexterieur sous 
Peffet de la pression interne et, k Petepe d), on maintient cette resine et celle constitutive 
de la paroi de la preforme k la temperature de polymerisation durant un temps suffisant 
pour obtenir le durcissement de P ensemble. 

D'autres caractenstiques et avantages de Pinvention apparaitront de la 
10 description et des dessins annexes, qui en representent, k titre d'exemples non limitatifs, 
des modes de realisation preTerenuels. 
Sur ces dessins : 

- >a figure 1 est une vue en coupe schematique d'une preTorme conforme k 
Pinvention, apres introduction et deploiemem radial, mais avant ancrage, k Pinteneur 

15 d'un puits de forage p£troiier ; 

- les figures 2 et 3 sont des sections transversales de la preTorme k Pdtat 
initial repiid, selon deux modes de repliement diffcrents ; 

- la figure 4 est une vue similaire k celle des figures 2 et 3, qui represente 
la preTorme radialement deployee, pour prendre une forme cylindriquc ; 

20 " * a figure 5 est une vue partielle, en coupe axiale, de la paroi de la 

preTorme, au niveau d'une zone annulatre durcissable destinee k constituer un verrou 
d'ancrage, avant qu'elle n'ait eTe* deTormee radialement vers Pexterieur ; 

- la figure 6 est une vue similaire k la figure 5, representant la prdforme 
apres deformation et durcissement du verrou ; 

15 - la figure 7 est une vue schematique d'un troncon de preTorme deploy*, 

qui est equip* de plusieurs joints d'etancheit* au niveau de la zone annulaire durcissable 
destinee k constituer un verrou d* ancrage ; 

- la figure 8 est une vue en coupe longitudinale au niveau du joint, apres 
ancrage et durcissement de la preTorme dans un puits* 

,0 - les figures 9 et 10 sont des vues analogues aux figures 5 et 6 respective- 

ment, representant une variante de la preTorme. 

A la figure 1 on a represent* une preTorme 1 conforme k Pinvention, qui 
est placee k Pinteneur d'un puits de forage petrolier 2. dont la paroi cylindrique est 
referencee2a 

15 ^ preTorme est de type connii, en matenau thermodurcissable, polymdrisa- 

ble k chaud, qui avant mise en place k Pinteneur du puits est repliee longitudinalement de 
facon k presenter un encombrement radial reduiL 
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Le pliage pcut etre realise* en "ir mm™- 

Apres misecn place sur la longueur vouluc A iWn -4 

10 boue liquid. exWte do pu iB . u puns. Lc flutde uulise peut etre simpJemenl la 

~ JZZSZ ^ ^ b ^ " -~— — • Par *a 

- defter radiata™ v m ^ " " w " °" 8 * " ^ ^ 4 

Ces vamas m aprtsa J^l^ "* " pour te 

30 milres . AU " indiaUf - U ^™"«»lon 8 uaurpo„va 1 ,,, tttimlre3 000 

L'espacement des venous 3 mum fir. ~ 
exemple. ^ etre """P™ «-tre 5 et 50 metres, par 

U hauteur des venous sera de 1'ordre de 0.5 a 3 metres 
£>ans Je mode de realisation n»nr*.—,c >- 
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L'ame 5 est une resine polymdrisable a chaud. a I'interieur de laquelle est 
noyee une armature de renforcement composee de fibres 50. telles que des fibres de verre 
ou de carbone, certaines circonferenuelles et d'autres longitudinales. 

La peau int6rieure 6 est en materiau dlastomere (caoutchouc synthdtique) 
non renforce. La peau exterieure 7 est en materiau eiastomere. renforce par un tissu 
faiblement extensible. 

La zone annulaire destinee a constituer le verrou forme un reservoir 
(poche) deiimite d'une part par Tame 5 et d'autre pan par un rennemem 6' . dirige vers 
I'interieur 100 de la preforme. de la peau interieure 6. Ce reservoir contient une resine 60. 
pol ymensable a chaud. 

En regard du renflement 6', la peau exteneure 7 est interrompue pour etre 
remplao5e par un manchon 8. Celui-ci est convenablement relid et fixe, par exemple par 
collage, a la peau 7. Le manchon 8 est en materiau eiastomere non renforce. II est done 
extensible radialement. contrairement au reste de la peau exterieure 7. 

A litre indicatif. l'epaisseur de chacune des peaux 6. 7 est de I'ordre de 2 
millimetres, tandis que Tame 5 a une epaisseur comprise entre 5 et 15 millimetres. 

La rfcine 60 est choisie pour poss&ler une viscosiu* elevee a temperature 
ambiante. et une viscosite faible a temperature elevee, par exemple a partir de 80°C 
environ. Hie devient alors liquide et susceptible de migrer a travers l'ame 5 et son 
armature 50, vers I 'exterieur. 

L'ancrage de la preforme dans ie puits se fait de la manierc expliquee ci- 

apres. 

On procfede tout d'abord au deploiement radial de la preforme. en y 
introduisant le liquide L. comme deja dit plus haul. La preforme va done prendre 
progressivement une forme cylindrique. tandis que la boue prtsente a I'interieur du puits 
est chassee de l'espace annulaire reste libre et remonte en surface. C'est du reste cette 
meme boue qui peut etre utilises comme liquide de gonflage L. via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle maniere qu'il y ait une 
difference de pression relativement elevee, par exemple de I'ordre de 10 bars, entre les 
Uquides interieur et exterieur a la preforme. La preforme est retenue dans sa position 
correcte a I'interieur du tube par un appareillage approprie instalie en surface, et non 
represente. 

Ensuite. on precede au chauffage de la paroi de la preforme. soil en 
substituant au liquide L un liquide chaud. soil par effet Joule, a Faide.de resistances 
eiectriques appropriees montees dans la preforme. Cet apport de chaleur va fluidifier la 
resine 60 contenue dans les poches 6\ ainsi que celle de l'ame 5. 
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Sous Peffet de la prcssion p du nuide inteneur, la resine liquide va alors 
migrer de I'inieneur vers rexteneur, tout en refoulant la resine constitutive de Tame 5, k 
travers cette derniere pour former des hernies annulaires 61 qui vont venir s'appliquer 
- par rintemuSdiaire des troncons de peau 8 facilement deTormables - contre la paroi 20, 
avec une pression relativement forte. Bien entendu, la capacite* des reservoirs et, 
corr61ativement, le volume de la resine 60 sont choisis suffisants pour combler correcte- 
ment Fespace annulaire correspondant au jeu j. et deTormer suffisamment les verrous 3 
vers Pexteneur, contre la paroi 20. Les tron?ons 8, apres expansion radiale, sont 
reTeYencee 8* sur les dessins. 

On continue ensuite k apporter k la preTorme et au verrou les calories 
necessaires, pendant une duree suffisahte - generalement de quelques heures - pour 
obtenir Ia polymerisation de r ensemble de la paroi, y compris celle des verrous. 

On obtient done ainst un tubage rigide k paroi inteneure cylindrique, et 
dont la paroi exteneure est formee de bourrelets annulaires qui constituent des zones 
d'ancrage et d'e'tanche'ite* du tubage dans le puits 2. 

Les operations finales consistent a enlever le liquide se trouvant k 
rinteneur de la pr6forme, k retirer le conduit 4. et k eliminer les extremites de preTorme 
haute la et basse lb. 

Lapartie la peut 6tre enlevee simplement par sciagc transversal. La parte 
basse 1 b peut etre enlevee par forage axial k rinteneur du tubage. 

II convient de noter, que la localisation des verrous 3 est parfaitement 
contrdlee par suite de la presence des manchons 8 dont Inaptitude k Pextension radiale est . 
plus grande que le reste de la peau exteneure 7. 

La deTormation de la peau inteneure 6 vers rexteneur, k la fin de la 
migration de la resine vers rexteneur. est limitee car cette peau 7 va venir prendre appui 
contre la structure filamentaire 50 de Time 5. Ainsi, on est assure que ia paroi inteneure 
du tubage aura une forme rigoureusement cylindrique sur toute sa hauteur. 

Les verrous annulaires seront positionnes k la demande, selon les 
caracteTistiques physiques du puits k tuber, le long de la preTorme, notamment en 
fonction de la disposition de certaines zones aquiferes. 

Pour ameliorer I'Aancheitf entre la preTorme et la paroi du puits, il est 
possible de prevoir, au niveau des verrous 3 des joints d'£tanche*ite\ 

Cette possibility est iliustree aux figures 7 et 8. Les manchons dilatable* 8 
sont gamis d'un ou de piusieurs joints d' Aanchfi* 9, par exemple au nombre de trots. II 
s'agit par exemple de joints souples, aptes k se deployer radialement en meme temps que 
la preTorme, pour prendre une forme torique. Apres dilatation radiale et durcissement des 
verrous. les joints se trouvent loges dans une gorge annulaire de la peau exteneure 8\ 
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7 

assurant une parfaite etancheit€ a ce niveau. Cette technique d'etancheite fait I'objet de la 
demande de brevet n° 94 03629 depose par la demanderesse le 23 mars 1994. Die est 
appliquee ici aux zones d'ancrage de la preforme. 

II convient de noter que la resine 60 peut rester emprisonn^e pendant une 
5 longue duree a Pinterieur des poches 6\ sans risque de degradation. 

Ainsi, les preformes peuvent etre stockees sans dommages, mises en place 
au moment voulu, puis ancrees Igalement au moment vouiu. Du reste, il n'est pas 
necessaire de realiser la polymerisation de la preforme et des verrous juste apres le 
deploiement radial de la preforme. Ces operations peuvent etre menees successi vement au 
10 moment opportun, notamment fonction de la disponibilite du personnel affect* a ces 
t&hes. 

Dans la variante de preforme illustree aux figures 9 et 10, dans lesquelles 
les memes references qu'aux figures 5 et 6 ont 6t£ utilisees pour designer des elements 
identiques du similaires, la reserve de resine polymerisable a chaud 600 n'est pas 

15 confinee dans des poches. Au contraire. elle occupe un espace annulaire, entre ame 5 et 
peau interieure 6, qui s'etend tout le long de la preforme 7, y compris en vis-a-vis des 
zones de peau exterieure renforcees, et non facilement deformables (voir figure 9). Lors 
de Tapplication de la pression interne p, la resine liquide va migrer a rinterieur de Tame 
5. Cependant, vers Texteneur, elle ne va ressortir qu'en regard des troncons 8 facilement 

20 deformables, formant a ce niveau les bourrelets d'ancrage 8'. 

Cette variante de preforme esi d'un prix de revient plus faible que celui 
d'une preforme a poches. 

A titre indicatif, la peau exterieure 7 a une epaisseur de Tordre de 2 a 
3 mm, Tame 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 
25 Fordre de 0,4 mm et la peau interieure 6 une epaisseur de Tordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de I'invenuon qui vient d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
precisement d'un puits de forage petrolier, la presente invention s'applique egalement au 
tubage de puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 
30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation in situ 
par mise en place d'un chemisage interne. 
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REVENDIf?ATIONR 



1 . PreTorme souple depliable radialement et durcissable in situ apres 
mise en place dans un puits ou une canalisation pour y consumer un tubagc cylindrique 
caractensee par le fait qu'elle comporte le long de sa paroi des zones annulaires durcissa- 
bles (3) aptes a se deTonner radialement vers Texterieur pour venir s'appliquer contre la 

5 paroi (20) du puits (2) ou de la canalisation et qui foiment apres durcissement des venous 
d'ancrage etd'etanch<Sit<J pourle tubage. 

2. PreTorme selon la revendication 1, caractdrisee par le fait qu'elle 
comporte une reserve de resine polymerisable a chaud (60. 600) disposee du cfre 
interieur et apte a migrer radialement vers I'exterieur a travers la paroi (10), sous 1'effet 

10 d'unepression interne (p). 

3. PreTorme selon Tune des revendications 1 ou 2. caract6ris£e par le fait 
qu'elle comporte une peau extdrieure elastiquement deformable (7) dont certains Ooncons 
(8. 8') en forme de manchons. ont une aptitude a la deformation radiale nettement plus 
grande que celle du reste de la peau (7). ces troncons realisant lesdits venous (3). 

15 4 • Prffonne se>on la revendication 3. caracterisee par le fait que les 

troncons (8. 8') facilement deTormables sont en elastomere noa renfora*, tandis que le 
reste de la peau (7) est en elastomere renforc*. 

5 . PreTorme selon la revendication 2 d'une part, et 3 ou 4 d'autre part 
prises en combinaison, caracterisee par le fait que ladite reserve consiste en des poches 
™ annulaires situees en regard desdits troncons (8) de peau exterieure facilement deforma- 
bles. 



6 . Preforme selon la revendication 2 d'une pan, et 3 ou 4 d'autre part, 
prises en combinaison, caracterisee par le fait que ladite reserve (600) s'etend tout le long 
de la preforme. y compris en regard des zones de peau exterieure non facilement 

25 deTormables. 

7 . Preforme selon Tune des revendications 5 ou 6, caractensee par le fait 
que la paroi de la preforme est composee d' une ame (5) en resine polymerisable a cbaud 
et de deux peaux en materiau elastomere. 1'une interieure (6), I'atitre exterieure (7) ladite 
reserve comenant la resine (60. 600) etant dflimitee par 1'ame (5) et par la peau impure 

30 (6). 

8 . PreTorme scion la revendication 7, caractensee par le fait que Tame (5) 
comporte une armature filamentaire (50) noye*e dans la resine. 
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9 . Preforme selon I'une des revendications 1 k 8. caracterisee par lc fait 
qu'elle est munie de joints d'etanchelte annuJaires (9) entourant les zones durcissables (3) 
destinees a consumer les venous. 

10. Proc&Je pour mettre en place, ancrer et realiser Tetancheite d'une 
5 preforme conforme a Tune des revendications precedentes dans un puits ou une 

canalisation cylindrique, selon lequel : 

a) on introduit la preforme (1) a Pftat p u & dans le puits (2) ou la canalisa- 
tion, dont le diametre est un peu plus grand que celui de la preforme lorsqu'elle est 
radialement depioyee ; 

10 b > on introduit unfluide sous pression a 1'interieurde la preforme (1) pour 

Pamener a I'etot rigoureusement cylindrique; 

c) on provoque la deformation desdites zones annulaires (3) vers 
rexterieur pour les appliquer centre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le durcissement de la preforme (1) et des zones annulaires 

15 (3). 

1 1 . Procdde selon la revendicauon 10. applique a une preforme conforme 
a I'une des revendications 5 ou 6. caracterise par le fait qu'a Pdtape e) on chauffe la 
r&ine (60) contenue dans les poches annulaires de maniere a la liqueiier et la faire migrer 
vers 1'exterieur sous I'effet de la pression interne (p) et qu'a 1'etape d) on maintient cettc 
20 resine et celle constitutive de la paroi de la preforme a la temperature de polymerisation 
durant un temps sulTisant pour obtenir le durcissement de l'ensemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 



The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
1 0 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
it is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
15 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wail of the preform from the wall of the well or conduit. 
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Finally, the cementing is not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
cement. 

This objective is achieved, according to the invention, due to the fact that the preform has. 
along its wall, annular curable zones that are radially and outwardly deformable so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

Moreover, according to a number of additional, non-limiting characteristics of the 
invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elasticity deformable outer skin, certain sleeve-shaped sections of which 
have a capacity for the radial deformation that is significantly greater than that of the rest of the 
skin, these sections accomplishing said locks; 

- the easily deformable sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
deformable outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformable; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 
delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wall of the preform are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

- Figure 6 is a view similar to Figure 5, representing the preform after deformation and 
curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seal rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 

The preform is of a known type, made of thermosetting, heat-curable material, which, 
prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "LT shape as shown diagrammatically in Figure 2, or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 

This radial expansion is accomplished by introducing a fluid under pressure into the 
preform's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well. 

The lower end lb of the preform is naturally plugged by an appropriate closing means. 

In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 
specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 

There is therefore an annular space j the radial value of which, for example, is 3 
millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L 1? L 2 that are not 
necessarily equal. 

By way of example, the preform has a length that can reach 3,000 meters. 
The spacing of the locks 3 can be between 5 and 50 meters, for example. 
The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall 10 of the preform is 
composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unenforced elastomer material (synthetic rubber). The outer skin 
7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6', the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unenforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 6 has a thickness of between 5 and 15 millimeters. 

The resin 60 is selected to have a high viscosity at ambient temperature, and a low 
viscosity at high temperature, for example above about 80°C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform is radially deployed by introducing the liquid L into it, as already 
mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
liquefy the resin 60 contained in the pockets 6\ as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
correlatively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space j, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8' in the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 

Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 
formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and 1b, respectively, from the preform. 

The part 1a can be removed simply by transverse sawing. The lower part 1b can be 
removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particularly as a function of the location 
of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8\ 
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providing a perfect sea! at this point This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23, 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6\ with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the preform variant illustrated in Figures 9 and 10. in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6, which extends the full length of the preform 7, including opposite 
the outer reinforced skin areas that are not easily deformable (see Figure 9). During the 
application of the internal pressure p, the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8* there. 

This preform variant has a lower production cost than a preform with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2-to 3 mm, the core 5 
has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 
that the preform has, along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60, 600) on its inner side that can migrate radially outward through the wall (10) 
under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2. characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

4. Preform according to claim 3, characterized by the fact that the easily-deformable 
sections (8, 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 
opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 
material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7, characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 
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9. Preform according to any of claims 1 to 8 t characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit, according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1 ) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p), and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 
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